Three birth cohorts are currently being followed in Pelotas, Southern Brazil, in 
Introduction
The first Pelotas birth cohort took place in 1982 in the city of Pelotas, Southern Brazil 1 , prompted by an interest in studying birth conditions, including gestation, delivery, and newborn care, and in documenting the development of mother-child health indicators. Although the cohort study was originally intended as a perinatal study, its original subjects are still being studied to the present day, totaling 24 years of follow-up.
Given the importance of monitoring epidemiological profiles in relation to health outcomes and risk factors, a second birth cohort study was begun in Pelotas in 1993, 11 years after the first 2 . The success of these two studies, as measured by the amount and relevance of publications and the training of post-graduate researchers, encouraged us to undertake a third birth cohort in the same city in 2004 3 .
Standard medical records of health indicators have their limitations, including under-registration, incomplete coverage, a lack of standardization, and the fact that disaggregated statistics, such as socioeconomic status and skin color, are not possible 4 . Birth cohort studies have the advantage of involving the collection of data at a time close to its occurrence, in addition to allowing for efficient data quality control, minimizing the problems mentioned above. However, the recently renewed interest in cohort studies is largely due to Barker's hypothesis of the fetal ori-gin of cardiovascular disease 5 , formulated in the late 1980s, and to interest in possible long-term health effects, such as that of breastfeeding on asthma 6 or obesity 7 .
In the 22-year period between 1982 and 2004, Brazilians have undergone radical changes in certain aspects of their lives. Noteworthy among these changes, in the field of politics and economy, are the end of the military dictatorship in 1985, followed by periods of financial chaos -including hyperinflation and frustrated attempts to contain it by means of price controls, monetary confiscations, and five currency changes, from the Cruzeiro to the Real, until inflation was finally controlled. In spite of these changes, inequities in income distribution in the country have persisted, with the Gini coefficient remaining stable at 0.6 between 1982 and 1993. A slight reduction (to 0.57) was recorded in 2004 .
When compared to the State of Rio Grande do Sul, the Pelotas region has become progressively poorer. In 1980, its per capita GDP was equivalent to 81.4% of the state average 8 Health care has also undergone significant changes. At the time of the 1982 cohort, there was a clear distinction between public health and medical care, the former under the coordination of the Brazilian Ministry of Health, and the latter the responsibility of the Brazilian Ministry of Social Security and Assistance. Only persons with formal employment were insured by the public system. Rural workers began to have access to medical care through the FUNRURAL, whereas the poorer population received care through a network of philanthropic hospitals 9 . These differences were reflected in the 1982 cohort by the variable "type of payment for delivery", which included, in addition to "private care and private health insurance", the categories "INAMPS", "FUNRURAL", and "indigent". The Sanitary Renewal Movement, driven by intense engagement on the part of civil society, led to the implementation of a unified and decentralized health care system. This system was incorporated into the 1998 constitution and led to the establishment in law of the Unified National Health System (SUS), based on the principles of equity, universal coverage, and integrated health care 9 . The 1993 study reflects such changes, and includes only the INSS (Brazilian Institute of Social Security) as the single government source of payment for birth deliveries. SUS was only included as a category in the 2004 cohort study. The three longitudinal studies described here are a source of information that is unparalleled in Brazil. All three studies began with the identification, in the hospitals of Pelotas, of all live births to mothers living in the municipality. Subjects are still followed prospectively, by tracing either the entire group or a sub-sample of subjects, depending on the resources available for each visit. Our experience of data analysis has shown that the sub-sample strategy may, with time, lead to a small subset of subjects with complete follow-ups. Thus, the 2004 cohort was designed to include only follow-up visits to the entire sample, in spite of a consequent widening of the intervals between visits.
Generally speaking, the aim of the Pelotas birth cohort studies is to maintain a record of changes in the epidemiological profile of the population, from the standpoint of both health outcomes and risk factors, evaluating in detail the perinatal health situation of newborns, as well as to allow for the study of associations between early-life determinants and outcomes in adulthood. Specifically the aim of these studies is to: a) Evaluate the antenatal and perinatal conditions of all live births in Pelotas in the reference year; b) Characterize the population of mothers who gave birth in maternity hospitals in the three years studied by socioeconomic, demographic, and environmental variables; c) Identify all fetal and infant deaths, defining causes of death and evaluating potential preventive interventions; d) Study early-life characteristics and outcomes, such as breastfeeding, development, infections, and accidents; e) Investigate the impact of early-life exposures on health outcomes measured during adolescence and adulthood; f) Evaluate health care access, use, and financing; g) Study inequities in health conditions and medical/sanitary characteristics between different ethnic and social groups; h) Contribute to the planning of health programs and initiatives at the local, national, and global levels.
The present article provides a summary of the design and methodology of the three cohort studies currently in progress in Pelotas, with an emphasis on comparisons, since detailed accounts of the methods of each study have been published elsewhere 1, 2, 3, 11, 12, 13 . We also present a comparison of the number of children included in each study and of losses during the first 12 months of follow-up. In addition, this article describes the socio-demographic characteristics of study subjects and evaluates trends and changes that took place over these two decades. The major results of the three cohort studies are presented in comparative form in the other articles of this supplement.
Methods

Study settings
Pelotas is a city with 323,158 inhabitants (301,000 of which live in the urban area, according to the 2000 Demographic Census, IBGE), located in the extreme south of Brazil, in the State of Rio Grande do Sul. Estimates for 2004 point to a total population of approximately 340,000 inhabitants. The major economic activities of the municipality are agriculture, trade and services. The city has two universities, one private and one public.
Perinatal study
Similar recruitment strategies were employed for the three cohorts, based on the high percentage of hospital deliveries in the city (always above 98%). From 1 January to 31 December 1982 December , 1993 December , and 2004 , all the city's hospitals (four in 1982 and five in 1993 and 2004) were visited on a daily basis by team members who were trained especially for the task. Eligible mothers -those living in the urban area of Pelotas municipality and in the Jardim América neighborhood (which became part of the municipality of Capão do Leão in May 1982) -were interviewed soon after delivery using a standardized, pre-coded questionnaire. Non-hospital deliveries were also included in the cohorts, since mothers normally sought a maternity ward after delivery, and were thus recruited to the study at this stage.
The size and complexity of the questionnaire increased substantially between cohorts. In 1982, 80 questions were listed across two A4 pages. In 1993, the questionnaire comprised 16 pages and 212 questions, and in 2004, the number of pages increased to 25, with 273 questions (some of which were formatted as boxes that included large amounts of information). In addition to the questionnaire, all babies were weighed and measured. Length measurements were taken using ARTHAG infantometers 14 , and weight was determined using the hospital scales, which were regularly calibrated by researchers. Birth weight was measured by the nursing professional overseeing delivery. In 1993 and 2004 the cephalic, thoracic, and abdominal perimeters were also measured using inelastic tape measures with 1mm precision, and gestational age was evaluated using the Dubowitz method 15 . Mothers were also measured and weighed in the 1982 and 1993 studies; in 2004 these measurements were taken at the three-month visit.
Infant mortality in the three cohorts was evaluated by recording any deaths of children participating in the study, which was carried out by means of regular visits to hospitals, cemeteries, notary offices, and the regional health office. In 2004, data from the Mortality Information System (SIM) were also used to track infant deaths. In 1993 and 2004, underlying causes of death were determined by two independent referees based on information from the child's medical records.
Follow-ups
The 1982 cohort has had eight follow-ups to date. The first one took place early in 1983, and included children born between January and April 1982, who were then aged between 9 and 15 months (mean age c. 12 months). Subsequent follow-ups were carried out in 1984 (mean age c. 20 months) and 1986 (mean age c. 42 months). In the first follow-up we attempted to locate the 1,820 children born in the first four months of 1982 using the addresses provided by mothers during the perinatal interview. In the second follow-up, we conducted a census of all 68.590 households in the urban area of Pelotas in order to identify all children still living in the city.
In addition to these, we carried out another six follow-ups, in 1986 (entire cohort), 1995 and 1997 (sub-samples), 2000 (all males, during mandatory registration for military service), 2001 (sub-sample), and 2005 (entire cohort). In this last follow-up, which was based on a new census of the municipality, we were able to trace 77.4% of the cohort's subjects 16 .
In the 1993 cohort, due to the growing interest in events that took place during the first year of life, there was an increase in the intensity of follow-ups during this period. Samples of urban live births were selected, and these children were visited at home, based on the addresses given at the time of the hospital visit, at ages one, three, six, and 12 months. At the one-month and threemonth visits we attempted to trace a systematic sample of 20% of the cohort, selected according to birth date. This sample also included all children born weighing under 2,500g, since these had been identified as a high risk group in the previous cohort. There were also follow-ups in 1997, when children were about four years old (sub-sample), and in 2004 (entire cohort).
While analyzing the 1982 cohort it became clear that, in certain situations, there only a small number of children with data from all followups because of the different sub-samples used. Therefore the 2004 cohort included only complete follow-ups, at ages three, 12, and 24 months, all of which included the entire cohort sample. To this end, we made a concerted effort to collect contact information data from families. This process was facilitated by the large expansion of telephone services, especially mobile phones. We were therefore able to achieve very high followup rates, as described in the following section.
Child development was studied in all three cohorts, with some small methodological differences. For the 1982 cohort, we conducted a study of child development in 1986, which included 2,000 children born between January and April 1982. An additional sample of children born weighing under 2,500g was also included in the study. Children were evaluated using the Griffiths scale 17 . In the 1993 cohort, development was studied at the one, three, six and 12-month follow-ups, using the Denver II test 18 . In the 2004 cohort, we evaluated development using the same items of Denver II used in the 1993 cohort plus the Battelle screening test 19 .
Study protocols were approved by the Medical Research Ethics Committee of the Federal University of Pelotas. In 1982 and 1993 we obtained verbal consent from mothers for participation in the study. In 2004, written consent was also obtained.
Results
The absolute number of births declined substantially across the three cohorts, from 6,011 in 1982 to 5,304 (-11.8%) in 1993 and 4,287 (-19.2%) in 2004. This was the result of the decrease in fecundity observed during this period, which is analyzed in another article in this Supplement 20 . Refusal to participate in the study, including visits that took place during the first year of all three cohorts was always below 1%. Table 1 shows the 12 month follow-up rates for the three cohorts, defined as the number of subjects traced plus the number of deaths in the period, divided by the total number of live births. Follow-up rates were high in the three cohorts, for all groups of income and birth weight. The follow-up rate for the 1982 study was lower than those of the two more recent cohorts due to the strategies employed in the former. Note that the follow-up rates described in Table 1 differ from those published previously, given that current numbers include all deaths detected among subjects that were traced.
The distribution of families according to total income as a multiple of the minimum wage (Figure 1) was quite stable throughout the 22-year period, despite the number of changes in the economy. The slight deviation to the right seen in 1993 when compared to 1982 was no longer observed in 2004, when the distribution was more similar to 1982 than to 1993. According to Brazilian Central Bank estimates, there was a 24% decrease in the purchasing power of the minimum wage between 1982 and 2000 21 . Therefore, the socioeconomic conditions of 2004 mothers may actually have been worse than those of 1982 mothers.
To complete the panorama of changes that took place during the period spanned by the cohorts, in Table 2 we present selected socioeconomic indicators. The proportion of mothers living without a partner increased from 1982 to 2004, both in general and across almost all in- come strata. Likewise, the proportion of working mothers increased from 33% to 38% between 1982 and 1993, reaching 39% in 2004. In 2004, 70% of mothers in the group earning more than ten times the minimum wage worked; this was higher than the 58% and 54% of working mothers found in 1993 and 1982, respectively. However, in the group earning up to one minimum wage, the number of working mothers fell from 36% in 1982 to 28% in 2004. Education indicators for mothers showed very positive changes. Mothers with less than four years of schooling -a factor often associated with greater risks for the child's health, was by 2004 almost non-existent among families with an income of more than six times the minimum wage. In the poorest group, there was a 63% reduction in the proportion of such mothers, from 43% in 1982 to 16% in 2004. There was a comparable reduction (59%) in the group earning one to three times the minimum wage. At the other end of the spectrum, the proportion of mothers with more than eight years of schooling increased in the total sample by about 70%. This increase was roughly seven-fold among the poorest stratum -from 3% in 1982 to 20% in 2004. Interestingly, this increase occurred entirely between 1993 and 2004, while there was in fact a slight reduction in the proportion of mothers with more than eight years of schooling between 1982 and 1993 in certain income groups.
The last two decades also saw very positive improvements in living conditions (Table  3) . Practically all the population currently has access to piped water and at least one flushing toilet (97% in the poorest group for both variables). In 1982, only half the poorest families were connected to piped water or had flushing toilets. The presence of a radio, television set, and refrigerator in households also increased markedly, from 37% to 68% among the poorest families. Owning a refrigerator, which is particularly important for improving food conservation, increased among the poorest stratum from 45% in 1982 to 73% in 2004.
There was also an important reduction across all income groups in the number of persons per household, but important differences between the richest and the poorest still remain. In 2004, there were a mean 3.2 persons per bedroom among the poorest group, compared to 2.0 among the richest.
The financing of births has changed over time, mainly because of the changes that took place in the public healthcare system. In 1982, 85.6% of deliveries were financed by the public system ( Figure 2 ). Of these, 6.4% were in the indigent category and 0.4% were through FUNRURAL, the remaining deliveries being paid for by INAMPS. In later cohorts, the proportion of deliveries financed by the public system decreased slightly, to 83.2% in 1993 and 81.1% in 2004. On the other hand, deliveries financed by private health insurance increased about three-fold, whereas those paid for directly by the client (out of pocket payments) fell by half.
Discussion
Although cohort studies are still scarce in Brazil, a number have been initiated in the last decade or so, including the older adult cohort from Bambuí, Southeastern Brazil 22 , and the Longitudinal Study of Adult Health (ELSA; http://elsa. incubadora.fapesp.br/portal). Despite the methodological difficulties they pose, there are a number of advantages of such studies. Exposures are measured before the beginning of the disease or disorder under investigation, preventing reverse causality. Selection and memory bias, which often plague case-control studies, are also less frequent or relevant. The collection of information at or close to the time of interest ensures quality in long-term evaluations (e.g. changes in socioeconomic levels) 23 and in the study of early-life exposures to adult life outcomes (e.g., breastfeeding and obesity) 24 . These advantages mean that the design of the cohort study is particularly appropriate for evaluating social determinants of health, one of the current research priorities around the world.
A major difficulty in longitudinal studies is the risk of losses during follow-up. In the Bambuí cohort, a strategy similar to the Pelotas cohorts was employed to minimize such losses: the study was located in a city with low migratory flows. ELSA is based on a different strategy, which is to use staff at public universities as the study population. Regardless of the study's strategy, great efforts must be invested in minimizing losses. In the first follow-up of the 1982 cohort, which was based on the addresses obtained during the hospital visit, almost 18% of children were lost. For the second follow-up, we employed a more effective, but more costly, strategy, which was to search all households in the city in order to identify cohort children. In 2004, a more complete set of information on location was obtained, with questionnaires including a chart with home, work, and a relative's addresses, as well as landline and mobile phone numbers. The increased use of mobile phones facilitated the process of locating mothers. These factors contributed to achieving a high follow-up rate for the entire cohort in 2004 without the need for a new city-wide "census".
Another limitation inherent to this type of study is that data collection is based on self-reporting (from the mother or the subject him or herself after a certain age). With the exception of a few measures, such as weight and length at birth, Dubowitz gestational age, weight and height at follow-ups, and development evaluation, the vast majority of information was obtained through reporting. Thus, data on morbidity during pregnancy, antenatal care, labor induction, infant morbidity, etc. are collected based on what is stated by the interviewee. The quality of this information is variable, and depends on characteristics relating to the interviewee (such as age and schooling), and also on the type of information (personal, medical). On the other hand, the cohort strategy allows for this information to be collected close to its occurrence, thus minimizing recall bias. The decrease in the number of births between 1993 and 2004 was even more marked than in the previous 11-year period. Such a decline shows that the process of reduction of fecundity 25 , acknowledged previously, has intensified.
Family income in the city remained quite stable in terms of the distribution of income as a multiple of the minimum wage. Considering the Brazilian Central Bank estimate regarding a decrease in the purchasing power of the minimum wage, we may conclude that there was a reduction in the population's purchasing power. However, other indicators of living conditions indicate a general improvement, with important increases in mothers' schooling, a reduction in the number of children per family, a greater availability of household consumer goods, and fewer people per household and per bedroom. We also observed an improvement in sanitation conditions, with piped water and flushing toilets becoming almost universal in households.
Public financing of births fell slightly. However, there was a reduction in the number of privately paid deliveries and an increase in the use of private health insurance. Other studies have shown that roughly one-quarter of the Brazilian population are covered by private health insurance 26 , and that coverage varies greatly according to socio-economic conditions, from less than 10% among the poorest to about 70% among the richest 27 .
Improvements in the living conditions of this population are reflected in the comparative analyses presented in this supplement, which address the characteristics of mothers and their families, birth weight, perinatal and infant mortality, hospital admissions, breastfeeding and diet, growth, development, and healthcare utilization. Comparisons focus on delivery, the puerperal period, and the first year of life. The existence of three birth cohorts with 11-year intervals in the same city provides a unique opportunity to understand the changes that have taken place in health indicators and their major determinants. Method of fi nancing of delivery in the Pelotas birth cohorts, in three categories: public, private health insurance, and out-of-pocket based on total births in each year. Pelotas, Southern Brazil, 1982 Brazil, , 1993 Horta and E. Tomasi helped with the analysis of results and revisions, and contributed in the redrafting. All authors were involved in the study design and read and approved the final version.
